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PULMONARY EMBOLISM 

 Pulmonary embolus (PE) refers to obstruction of the 

pulmonary artery or one of its branches by material (eg, 

thrombus, tumor, air, or fat), originated elsewhere in the body.  



 Acute pulmonary embolism (PE) is a form of venous 

thromboembolism (VTE) that is common and sometimes fatal.  

(> 50% of pts with proximal DVT have concurrent PE at presentation)1 

70% of pts with PE have DVT.2 

 Most emboli arise from lower extremity proximal veins (iliac, 

femoral, and popliteal), but may also originate in right heart, 

inferior vena cava, the pelvic, the renal and upper extremity veins.  

1.Moser KM, et al. Frequent asymptomatic PE in pts with deep venous thrombosis. JAMA 1994;271: 223–225. 

2.Kearon C. Natural history of venous thromboembolism. Circulation 2003;107(23 Suppl. 1):I22–I30. 
 



Classification (1) 

 Acute : Patients with acute PE typically develop symptoms and signs 

immediately after obstruction of pulmonary vessels. 

Subacute : Some patients with PE may also present subacutely 

within days or weeks following the initial event. 

 Chronic : Patients with chronic PE slowly develop symptoms of 

pulmonary hypertension over many years (ie, chronic 

thromboembolic pulmonary hypertension; CTEPH). 



Classification (2) 

 Hemodynamically unstable PE (shock) : that which results in 

hypotension. Often (but not always) caused by large (massive) PE.  

    NOT all patients with massive PE develop hypotension. 

 Hemodynamically stable PE :  PE that does not meet the definition of 

hemodynamically unstable PE. 

 Spectrum of severity :  from small asymptomatic PE to mild or 

borderline hypotension that stabilizes in response to fluid therapy, or 

“intermediate” PE (presents with right ventricle dysfunction). 



Classification (3) 

  Saddle PE : lodges at the bifurcation of the main pulmonary artery, often 

extending into the right and left main pulmonary arteries.  

 (3-6% of PE patients, 22% are hemodynamically unstable) 

  Lobar PE  

  Segmental PE  

  Subsegmental PE 

 Thrombi in the peripheral segmental or subsegmental branches are 

more likely to cause pulmonary infarction and pleuritis  



Classification (4) 

Symptomatic PE : presence of symptoms that usually leads to 

the radiologic confirmation of PE 

 Asymptomatic PE : incidental finding of PE on imaging in a 

patient without symptoms (eg, contrast-enhanced computed 

tomography) 
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Pulmonary embolism (PE) 

PE is a well-recognised and significant cause of morbidity and 

mortality, estimated to be associated with more than 300 000 

deaths per year in Europe alone (Cohen, Thromb Hemost, 2007).  

Many fatal cases (7%) are not diagnosed pre mortem because of 

the nonspecific clinical symptoms with which patients often 

present.  

A recent german analysis calculated the cost of the first year of 

PE treatment to be in excess of €20 000 (Kröger, Vasc Med, 2012).  

 

 



 There is growing evidence suggesting over-diagnosis of PE 

Randomized comparison : although CT detected PE more frequently than V/Q 

scanning, three-month outcomes were similar, regardless of the diagnostic method 

used. 

 United States : 80% rise in the apparent incidence of PE after the introduction of 

CT, without a significant impact on mortality. 

PE ‘epidemy’ 
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Risk Factors 

 
There could be no risk factors (20% ICOPER).  
Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism: clinical 
outcomes in the International Cooperative Pulmonary Embolism Registry 

(ICOPER). Lancet 1999;353:1386–1389 

 

 

Torbicki A, Perrier A, Konstantinides S, et al. Guidelines on the diagnosis 
and management of acute pulmonary embolism: the Task Force for the 
Diagnosis and Management of Acute Pulmonary Embolism of the 
European Society of Cardiology (ESC). Eur Heart J 2008; 29:2276–2315 



VTE as a risk factor 

Three quarters of VTEs are recurrences, mainly after stopping treatment.  

  About 25% of patients with VTE have no apparent provoking risk factor 

(“unprovoked” or “idiopathic” venous thromboembolism), 50% have a 

temporary provoking risk factor such as recent surgery or estrogen 

therapy, and 25% have cancer. 

Half of VTE episodes are associated with hospitalization, and about half 

of these are in surgical patients and half occur after hospital discharge.  

 

 Lapner, BMJ 2013;346:f757 



Recently identified predisposing factors for venous 
thromboembolism 

 

 In fertile women, oral contraception is the most frequent predisposing factor for VTE. 

When occurring during pregnancy, VTE is a major cause of maternal mortality. 

(The risk is highest in the third trimester of pregnancy and over the 6 weeks of the postpartum 

period, being up to 60 times higher 3 months after delivery) 

 IVF further increases the risk of pregnancy-associated VTE.  

Cross-sectional study from a Swedish registry : the overall risk of PE was particularly increased 

during the first trimester of pregnancy [hazard ratio (HR) 6.97] 

 In post-menopausal women who receive hormone replacement therapy, the risk of VTE 

varies widely depending on the formulation used. 
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Clinical presentation  : NOT helpful 

                               VTE              Other diseases 

Tachypnea :      70%                 70 % 

Tachycardia :    25%                 25 %   

Temperature :   7%                  17% (> 38,5) 

Cyanosis :         10%                 10 % 

1. Wells P.S: Ann. Int. Med. 1998;129 
2. Stein P.D. Chest 1997; 112 



Clinical Signs 

THERE ARE NO SYMPTOMS WITH > 80% 
 SENSITIVITY 

VTE  Other diseases 

Dyspnea 80% 60% 

Pleuritic Pain 50% 40% 

Cough 25% 25% 

Hemoptysis  10% 10% 

Shock 22% 10% 



It is critical that a high level of suspicion be maintained 

such that clinically relevant cases are not missed 



Clinical probability assessment (I) 

% PE 
patients 

10% 
30% 
65% 



Clinical probability assessment (II) 

% PE 
patients 

10% 
30% 
65% 



Active cancer      +1 

Paralysis, paresis, recent casting of leg  +1 

Bedridden (>3 days) or major (>12 weeks)  +1 

Entire leg swollen     +1 

Calf swelling (>3cm) compared to other leg               +1 

Pitting edema greater in symptomatic leg  +1 

Collateral non varicose superficial veins  +1 

Localized tenderness along deep venous system +1 

Previously documented DVT                 +1 

Alternative Dx as or more likely than DVT   -2 

 

 Score: DVT unlikely <2      DVT likely >2 

 

 

Clinical Probability for DVT 

Wells PS, et al Lancet 1997; 350:1795-98; N Engl J Med 2003;349: 1227-35 









D dimers testing 

The specificity of D-dimer in suspected PE decreases steadily with age, to 

almost 10% in patients > 80 years 

Age-adjusted cut-off values : age x 10 mg/L above 50 years 

  They increase specificity from 34–46% while retaining a sensitivity above 

97%. 



Diagnostic Imaging  

Chest X-ray 

Ventilation-perfusion scintigraphy (V/Q scan) 

Multiple detector computed tomography (MDCT) 

Conventional angiography 

MRI 

Compression venous ultrasonography 



 Positive, in the majority of cases. (88% 

in PIOPED study). 

 Nonspecific findings (cardiomegaly, 

pleural effusion, elevated hemidiaphragm, 

pulmonary artery dilatation, parenchymal 

infiltrates, etc.).  

 Specific findings, rare (Hampton’s 

hump,  Westermark’s sign). 

Chest X-ray 



Ventilation / perfusion mismatch 

Normal V/Q Scan excludes PE (NPV> 95%) 

High probability V/Q Scan → Relatively high PPV (85-90%) 

High prevalence of non – diagnostic tests (40-70%). 

Ventilation-Perfusion Scan  V/Q Scan 



V/Q scan 

Α normal perfusion scan is very safe for excluding PE. 

Although less well validated, the combination of a nondiagnostic V/Q 

scan in a patient with a low clinical probability of PE is an acceptable 

criterion for excluding PE.  

 

ESC guidelines 



CT : the new gold standard 

A negative MDCT is an adequate criterion for excluding PE in patients 

with a non high clinical probability of PE.  

 

 

 

Whether patients with a negative CT and a high clinical probability 

should be further investigated is controversial. 



RIM  SIGN 



RAILROAD TRACK SIGN 



RIDING OR SADDLE EMBOLUS 



VESSEL “CUT-OFF” SIGN 



RV Dysfunction 





Acute PE 
Infractions 

 Peripheral , triangular, broad pleural-based 
lession  

 No radiocontrast uptake 

 No airbronchogram 

Vascular sign 

 





The myth 

•A missed PE                    a dead patient 
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Major outcomes associated with PE 

 Recurrent thromboembolism  

 Chronic thromboembolic pulmonary hypertension (CTEPH) 

 Death  (PE left untreated, is associated with an overall mortality of 

up to 30 percent) 



Risk stratification of acute PE 







Classification of patients with acute PE based on early 
mortality risk 



PESI (Pulmonary embolism severity index) 



Classification of patients with acute PE based on early 
mortality risk 





• Sharifi M, Bay C, Skrocki L, et al. Moderate pulmonary 
embolism treated with thrombolysis (from the "MOPETT“ 
Trial). Am J Cardiol 2013; 111: 273–277. 

• Kucher N, Boekstegers P, Müller OJ, et al. Randomized, 
controlled trial of ultrasound-assisted catheter-directed 
thrombolysis for acute intermediate-risk pulmonary 
embolism. Circulation 2014; 129: 479–486. 

• Meyer G, Vicaut E, Danays T, et al. Fibrinolysis for patients 
with intermediate-risk pulmonary embolism. N Engl J Med 
2014; 370: 1402–1411. 

? 











The evolution of anticoagulants 



Disadvantages of vitamin K antagonists 

Slow onset of action - Delayed return to baseline - Need for concomitant 

administration of fast-acting anticoagulants. 

Need for frequent monitoring.  

 Interaction with drugs – diet.  

Affected by genetic factors (CYP2C9 and VKORC1 polymorphisms) 

 

 

 

Development of new drugs (dabigatran- rivaroxaban- …) 



Risk factors for major bleeding during anticoagulant therapy 

  old age, particularly above 75 years 

  previous gastrointestinal bleeding, particularly if not associated 

with a reversible cause, 

previous non-cardioembolic stroke,  

chronic renal or hepatic disease, 

concomitant antiplatelet therapy (to be avoided if possible),  

other serious acute or chronic illness 

  poor anticoagulant control, 

suboptimal monitoring of anticoagulant therapy. 



New Anticoagulants 

UFH AT 

Oral, 
direct 

Parenteral, indirect 

IIa 

TF/VIIa 

X IX 

IXa 
VIIIa 

Va 

II 

Fibrin Fibrinogen 

Rivaroxaban 
Apixaban, LY517717, Du-176b, YM150 

NMH AT 

Fondaparinux 
AT 

Xa Xa 

Dabigatran 







Recommendations Class Level 

PE without shock or hypotension (intermediate-or low-risk) 

Anticoagulation: combination of parenteral treatment with VKA 

Initiation of parenteral anticoagulation is recommended without delay in patients 

with high or intermediate clinical probability of PE while diagnostic work-up is in 

progress 

I C 

LMWH or fondaparinux is the recommended form of acute phase parenteral 

anticoagulation for most patients. 

I A 

anticoagulation, treatment with a VKA is recommended, targeting an INR of 2.5 

(range 2.0–3.0) 

I B 

Recommendations for acute phase treatment 



Recommendations Class Level 

PE without shock or hypotension (intermediate-or low-risk) 

Anticoagulation: new oral anticoagulants 

As an alternative to the combination of parenteral anticoagulation with a VKA, anticoagulation with 

rivaroxaban (15 mg twice daily for 3 weeks, followed by 20 mg once daily) is recommended. 

I B 

As an alternative to the combination of parenteral anticoagulation with a VKA, anticoagulation with 

apixaban (10 mg twice daily for 7 days, followed by 5 mg twice daily) is recommended. 

I 
 

B 

As an alternative to VKA treatment, administration of dabigatran (150 mg twice daily, or 110 mg twice 

daily for patients >80 years of age or those under concomitant verapamil treatment) is recommended 

following acutephase parenteral anticoagulation. 

I B 

As an alternative to VKA treatment, administration of edoxaban is recommended following acute-

phase parenteral anticoagulation. 

I 
 

B 

New oral anticoagulants (rivaroxaban, apixaban, dabigatran, edoxaban) are not recommended in 
III A 

Recommendations for acute phase treatment 



Recommendations 
 

Class Level 

PE without shock or hypotension (intermediate-or low-risk) 

Early discharge and home treatment 

Patients with acute low-risk PE should be considered for early discharge and 

continuation of treatment at home if proper outpatient care and anticoagulant 

treatment can be provided. 

IIa B 

Recommendations for acute phase treatment 



Recommendations for acute phase treatment 

             PE with shock or hypotension (high-risk) 

Recommendations Class Level 

It is recommended that intravenous anticoagulation with UFH be initiated 

without delay in patients with high risk PE. 

I C 

Thrombolytic therapy is recommended I B 

Surgical pulmonary embolectomy is recommended for patients in whom 

thrombolysis is contraindicated or has failed 

I C 

Percutaneous catheter-directed treatment should be considered as an 

alternative to surgical pulmonary embolectomy for patients in whom full-

dose systemic thrombolysis is contraindicated or has failed 

IIa C 



The current place of thrombolysis 

• In high-risk PE with hemodynamic instability, the use of systemic 

thrombolysis reduces mortality by half * (n=4 studies, 224 pts). 

• Thrombolytic drugs triple the risk of major hemorrhage and 

intracranial hemorrhage (ICH), with a global incidence of major 

bleeding of 9.9% and of ICH of  ~ 2%.  

• Given the poor prognosis of PE with shock, thrombolysis is both 

recommended by the ACCP (IIB) and the ESC (IB) guidelines 

* Marti C, John G, Konstantinides S, et al. Systemic thrombolytic therapy for acute pulmonary embolism: a 
systematic review and meta-analysis. Eur Heart J 2015;36(10):605-14 



Thrombolysis failure 

• Less than 5% of high risk PE present persistent shock 

despite vasopressors and thrombolysis or shock and 

contraindications to thrombolysis.  

• In those particular situations, reperfusion methods by 

surgical thrombectomy (ESC 1C, ACCP 2C) or 

thrombolysis directed by catheter (ESC IIaC, ACCP 2C) can 

be considered, depending on local expertise 



Recomendations 
 

Class Level 

Rivaroxaban (20 mg once daily), dabigatran (150 mg twice daily, or 110 mg twice 

daily for patients >80 years of age or those under concomitant verapamil 

treatment) or apixaban (2.5 mg twice daily) should be considered as an 

alternative to VKA (except for patients with severe renal impairment) if 

extended anticoagulation treatment is necessary. 

IIa B 

In patients who receive extended anticoagulation, the risk–benefit ratio of 

continuing such treatment should be reassessed at regular intervals. 

I C 

In patients who refuse to take or are unable to tolerate any form of oral 

anticoagulants, aspirin may be considered for extended secondary VTE 

prophylaxis 

IIb B 

Recommendations for duration of anticoagulation after 
pulmonary embolism 



NOACs vs. Warfarin  

 
Advantages of NOACs 

 

No INR monitoring.  

No bridging. 

Better patient compliance to treatment. 

Fewer medications. 

Fewer interactions with food and other diseases. 

Better management during the perioperative period. 

Probably better safety and efficacy for patients not adequately 

controlled with warfarin 

 
NOACs are favoured over VKA in the 2016 ACCP recommendations (2B) 



NOACs vs. Warfarin 

Disadvantages of NOACs 

Higher cost. 

No clear advantage for patients adequately controlled with warfarin. 

Worst patient compliance when BID dosing is required. 

 In cases where a dose is missed, the risk of adverse events is increased (short half life). 

No specific antidote-NOT ANY MORE 

 Increased frequency of G/E complications and interruption of treatment. 

 The lack of monitoring may involve worst patient compliance 

 Renal monitoring and dose adjustments ae required.  

OPEN ISSUES: Obesity,  Interactions 



Antidotes to NOACs 

• Source:  
FDA approves Praxbind, the first reversal agent for the 
anticoagulant Pradaxa: Praxbind approved for specific 
emergency situations 
http://www.fda.gov/NewsEvents/Newsroom/PressAnnounce
ments/ucm467300.htm. Published October 16, 2015. 

• Idarucizumab (Praxbind), a humanized monoclonal antibody 
fragment that binds to dabigatran (Pradaxa; both Boehringer 
Ingelheim ) 

Glund S, et al. Safety, tolerability, and efficacy of idarucizumab for the reversal of the 
anticoagulant effect of dabigatran in healthy male volunteers: a randomised, placebo-controlled, 
double-blind phase 1 trial. Lancet. 2015;386:680–690 
Pollack C. V., et al. Idarucizumab for Dabigatran Reversal. NEJM. 2015;373:511-520. 

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm467300.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm467300.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm467300.htm








DOACs and obesity 

• The 2016 ISTH recommendations suggested not to use DOAC 

in patients with a BMI>40 kg/m2 or weight > 120 kg, in whom 

VKA would be more appropriate. 

• Conversely, few participants of DOAC phase III trials had 

weights <50kg, in whom the efficacy and safety of these 

anticoagulant are therefore mostly unknown. 

Martin K, Beyer-Westendorf J, Davidson BL, et al. Use of the direct oral anticoagulants in 
obese patients: guidance from the SSC of the ISTH. J Thromb Haemost 2016;14(6):1308-13 



DOACs and drug interactions 



Recommendations for pulmonary embolism in pregnancy 

Suspicion of PE in pregnancy warrants formal diagnostic assessment with validated 

methods 

Ι C 

D-dimer measurement may be performed in order to avoid unnecessary irradiation, 

as a negative result has a similar clinical significance as in non-pregnant patients 

IIb C 

Venous compression ultrasonography may be considered in order to avoid 

unnecessary irradiation, as a diagnosis of proximal DVT confirms PE. 

IIb C 
 

Perfusion scintigraphy may be considered to rule out suspected PE in pregnant 

women with normal chest X-ray. 

IIb C 
 

CT angiography should be considered if the chest X-ray is abnormal or if lung 

scintigraphy is not readily available. 

IIa C 

A weight-adjusted dose of LMWH is the recommended therapy during pregnancy in 

patients without shock or hypotension. 

I B 



Recommendations for pulmonary embolism in cancer 

Incidental PE in patients with cancer should be managed in the same 

manner as symptomatic PE. 

IIa C 

Negative D-dimer levels have the same negative diagnostic value as in 

noncancer patients. 

IIa B 

For patients with PE and cancer, weight-adjusted subcutaneous LMWH 

should be considered for the first 3–6 months. 

IIa B 

For patients with PE and cancer, extended anticoagulation (beyond the 

first 3–6 months) should be considered for an indefinite period or until 

the cancer is cured 

IIa C 





Take away messages 

 PE is the third most common cardiovascular disease after 

heart attack and stroke. 

 Correct diagnosis, risk stratification and individualized 

treatment can reduce PE mortality.  

The management of acute PE is tailored to its predicted 

associated short-term mortality  risk, and in the vast majority 

of cases relies simply on fast and efficient anticoagulation. 

 



Take away messages 

 DOAC have become the preferred anticoagulant agent in 

most situations, because of their effectiveness, favourable 

bleeding profile and lack of need for monitoring. 

When secondary long-term prevention of recurrent VTE after 

PE is decided, the anticoagulant agent must be chosen 

according its efficacy and safety profile, the patient's 

comorbidities and preferences. 

 

 


